Purpose We conducted a retrospective study to assess the outcomes of capecitabine for advanced breast cancer (ABC) after perioperative fluoropyrimidines (FPs). Methods The charts of patients with ABC who received capecitabine between 2008 and 2016 at the National Cancer Center Hospital (Tokyo, Japan) were reviewed. Progression-free survival (PFS), overall survival (OS), tumor response, and adverse events (AEs) were compared between two groups: an FP group (prior perioperative FP use) and a non-FP group (no prior FP use). Results Overall, 288 patients (FP n = 105; non-FP n = 183) were analyzed. The two groups had similar patient characteristics. The FP group had significantly poorer PFS than the non-FP group (multivariate hazard ratio [HR] 1.33; 95% confidence interval [CI] 1.02-1.73; p = 0.036), although the OS did not differ significantly between the groups (multivariate HR 1.00; 95% CI 0.67-1.50; p = 0.994). With different cut-off values (relapse-free interval [RFI] = 3, 4, and 5 years), multivariate HRs for PFS were 1.32-1.67 (short RFI), and 1.00-1.25 (long RFI). A trend for a larger HR in the FP group compared to the non-FP group with short RFI than in that with long RFI was also seen for OS. Response rate (RR) and disease control rate (DCR) did not differ significantly between the groups (RR in FP vs non-FP 13.8 vs 21.0%; p = 0.173; DCR 54.0 vs 59.9%; p = 0.418). No significant difference in AEs existed between the groups. Conclusions Extra caution is needed when capecitabine is considered for patients with ABC who used perioperative FP, especially those who had early recurrence.
Introduction
Breast cancer is the most common cause of death from cancer in female patients [1] . Although the early breast cancer is curable with resection with or without neoadjuvant or adjuvant treatment, advanced breast cancer (ABC) remains incurable. Chemotherapy is one of the important treatment options to achieve the goal for ABC, which is to prolong survival and to maintain quality of life. While anthracyclines and taxanes are used for the first-line chemotherapy for ABC, in addition to their usage in neoadjuvant and adjuvant settings, no single standard regimen exists after failure of these agents [2] .
Capecitabine is an orally available fluoropyrimidine (FP), and a prodrug of 5-fluorouracil (5-FU). It is designed to deliver 5-FU preferentially to tumor tissue to enhance efficacy, and reduce toxicities in the gastrointestinal tract and bone marrow. Its route of administration and its favorable toxicity profile, with little alopecia and neuropathy, make it an attractive option for some patients. Phase II trials have revealed the efficacy and safety of capecitabine for ABC after failure of anthracyclines and taxanes [3] [4] [5] [6] . Moreover, a phase III trial has shown the benefit of capecitabine in combination with lapatinib in human epidermal growth factor receptor 2 [HER2]-positive patients [7] . Capecitabine is also often used as a comparator in phase III trials [8, 9] .
In addition to capecitabine, other FPs such as 5-FU, tegafur-uracil (UFT), and doxifluridine have been used in neoadjuvant and adjuvant therapies for breast cancer. As such, some patients with ABC receiving capecitabine have a previous history of treatment with other FPs. Re-challenge of chemotherapeutic agents has been assessed in other cancers [10] [11] [12] . However, aside from a few studies providing limited results, separately assessing patients either with or without prior use of FPs [4, 13] , the efficacy of capecitabine in patients with ABC who have received FPs for the early breast cancer has not been studied sufficiently.
Therefore, we conducted a retrospective study to assess the efficacy and safety of capecitabine in patients with ABC with or without prior treatment with FPs.
Patients and methods

Patients
We reviewed the medical records of patients with pathologically confirmed locally advanced or metastatic breast cancer, with the previous treatment with surgery of curative intent. All patients had undergone palliative chemotherapy with capecitabine as monotherapy between July 2008 and December 2016 at the National Cancer Center Hospital (Tokyo, Japan). Patients who had received FP-containing regimens as neoadjuvant or adjuvant therapy before capecitabine were assigned to the FP group; patients who had never received FPs were assigned to the non-FP group. Patients who received more than one FP before capecitabine, who received FPs for purposes other than perioperative (neoadjuvant or adjuvant) therapy, and those with insufficient baseline data were excluded from the analysis. This study was approved by the National Cancer Center Institutional Review Board (No. 2016-491). Because this study was retrospective in nature, written informed consent was not obtained. This study was publicized via the web page of the hospital.
Treatment
Patients received oral capecitabine by one of the following dosing regimens: (1) 1250 mg/m 2 twice daily for 14 days, followed by a 7-day rest period in a 21-day cycle, (2) 850 mg/m 2 twice daily for 21 days, followed by a 7-day rest period in a 28-day cycle. The dosing was adjusted according to modifications recommended by the FDA [14] , by adverse events, or as per the physicians' judgment. Treatment cycles were repeated until disease progression or unacceptable toxicity, or until the patients' wish to terminate treatment.
Assessment
Tumor response was assessed according to the Response Evaluation Criteria in Solid Tumors, version 1.1 [15] by computed tomography scans. Confirmation of response was not required. Response rate (RR) was defined as the proportion of patients who achieved complete or partial response, while disease control rate (DCR) was defined as the proportion of patients who achieved complete, partial, or stable disease as best response. Progression-free survival (PFS) was defined as the time from the initiation of capecitabine monotherapy, until either clinical or objective disease progression, or death. Overall survival (OS) was defined as the time from the initiation of capecitabine monotherapy until death. Relapse-free interval (RFI) was defined as the time from definitive surgery for breast cancer until recurrence. Adverse events (AEs) were assessed according to the Common Terminology Criteria for Adverse Events, version 4.0.
Statistical analysis
The study was designed to compare the efficacy (RR, DCR, PFS, and OS) and safety (frequency of grade 3 or worse AEs, AEs requiring hospitalization, and discontinuation due to AEs) of capecitabine between the FP group and the non-FP group. Nominal variables and continuous variables were compared by Fisher's exact test and the Mann-Whitney U test, respectively. Only patients with target lesions were analyzed for RR and DCR. Survival curves were obtained by the Kaplan-Meier method, and differences between the two groups were assessed by the log-rank test. Hazard ratios (HRs) and confidence intervals (CIs) were estimated by the Cox proportional hazards model. Baseline characteristics with p value < 0.10 in univariate analysis were adjusted for in multivariate analysis. HRs were adjusted for additional baseline characteristics in various multivariate analysis models. HRs were also estimated for subgroups by biomarkers: the triple-negative subgroup, the hormone-positive subgroup, and the hormone-negative subgroup. To assess the impact of prior use of FPs on survival outcomes by RFI, HRs for PFS and OS were also estimated separately for short RFI and long RFI. Continuous variables were divided into two groups at median. Tests were considered significant if the two-sided p value was < 0.05. Analyses were performed with EZR software (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R foundation for Statistical Computing, Vienna, Austria) [16] .
Results
Patients
Overall, 288 patients were included in the analysis: 105 were included in the FP group and 183 in the non-FP group (Supplementary Fig. 1 ). Baseline patient characteristics did not differ significantly between the two groups ( Table 1 
Progression-free survival and overall survival
The PFS period was significantly shorter in the FP group than in the non-FP group (median 4.6 vs 5.9 months; HR for the FP group compared with the non-FP group: 1.33; 95% CI 1.03-1.72, p = 0.029; Fig. 1 Table 2 ). The median OS was 21.3 months in the FP group and 23.9 months in the non-FP group (HR 1.17; 95% CI 0.84-1.63; p = 0.344). The HR adjusted for baseline characteristics selected by univariate analysis (age, ECOG PS, ER, HER2, bone metastasis, liver metastasis, No. of organs involved, previous therapy [endocrine, anthracycline, and taxane], RFI, and preoperative stage) was 1.00 (95% CI 0.67-1.50; p = 0.994; Table 3 ). Of note, preoperative stage was not selected by univariate analysis for multivariate analysis of PFS; it was selected for multivariate analysis of OS.
The HRs for PFS and OS largely did not change in additional multivariate models further adjusting for different baseline characteristics: liver and lung metastasis, all biomarker characteristics, all previous treatment characteristics, and age ≥ 35 vs < 35 instead of ≥ 60 vs < 60 (considering that age < 60 was associated with worse PFS and OS than Table 2 ). The HRs for PFS and OS in the FP group compared with the non-FP group were also estimated separately for short RFI and long RFI, with a cutoff at 4 years (median RFI) ( Table 4 ). The multivariate-adjusted HRs for PFS were 1.56 (95% CI 1.06-2.28; p = 0.025) with short RFI, and 1.11 (95% CI 0.76-1.60; p = 0.597) with long RFI. The multivariate-adjusted HRs for OS were 1.23 (95% CI 0.68-2.21; p = 0.489) with short RFI, and 0.77 (95% CI 0.40-1.47; p = 0.427) with long RFI. A trend for larger HRs for PFS and OS in the FP group with short RFI than in that with long RFI was also observed with different cutoffs of RFI (Supplementary Table 3 ).
Tumor response
Tumor response among patients with target lesions is shown in Supplementary Table 4 . The RR (FP vs non-FP) was 13.8 vs 21.0% (p = 0.173) and DCR was 54.0 vs 59.9% (p = 0.418). Table 5 shows the frequency of AEs by group. There was no significant difference between the two groups in grade 3 or worse AEs, AEs requiring hospitalization, or treatment discontinuation due to AEs. Hand-foot syndrome was the most frequent cause of discontinuation due to AEs in both groups (2.9 vs 2.7%). There were no treatment-related deaths. The frequencies of dose interruptions and reductions did not differ significantly between the two groups (dose interruptions 44.8 vs 53.0%, p = 0.221; dose reductions 39.0 vs 49.7%, p = 0.087).
Safety
Discussion
In this study, we retrospectively evaluated the efficacy and safety of capecitabine monotherapy for the treatment of ABC in patients who had received other FPs for neoadjuvant or adjuvant therapy. Although OS did not differ significantly with prior FP use, PFS was worse in patients with prior FP use. The detrimental effect of prior FP use on survival outcomes seemed larger in patients with the early recurrence after surgery than in those with late recurrence. The safety profile did not differ significantly by prior FP use.
In addition to its use in ABC, the efficacy of capecitabine has been explored in the early breast cancer treatment. A recent meta-analysis of randomized-controlled studies demonstrated that addition of capecitabine to standard chemotherapy improves survival outcomes in the early breast cancer, particularly in triple-negative breast cancer [18] . In addition to the clinical trial CREATE-X, which showed the efficacy of adjuvant capecitabine in patients with residual disease after neoadjuvant chemotherapy [13] , several other trials evaluating adjuvant capecitabine in high-risk patients are ongoing [18] . Such studies may lead to incorporation of capecitabine into the standard perioperative treatment. The current study did not assess patients who had used capecitabine as perioperative FP. Nevertheless, given the efficacy Capecitabine may be less effective in patients with prior FP use. In this study, PFS was significantly worse in the FP group, which was confirmed by various multivariate models adjusting for baseline characteristics. In addition, capecitabine appears to be slightly less active after the use of FPs, as shown in subgroup analyses reported in a limited number of the previous studies. In one trial, the response rate of capecitabine for ABC was 13% in patients with prior 5-FU use and 18% (p = 0.48) in those without prior 5-FU use [4] . Moreover, in the CREATE-X trial, the HR for disease-free survival with adjuvant capecitabine compared with control was 0.75 (95% CI 0.53-1.05) with prior 5-FU use, and 0.63 (95% CI 0.40-0.99) without prior 5-FU use (p = 0.56) [13] . Although capecitabine may remain as a treatment option for ABC pretreated with FPs based on the absence of significant OS differences by prior FP use, we should be aware that it may be less active in ABC patients with prior FP use than in those without prior FP use.
The effect of prior FP use seemed to differ between the early recurrence (short RFI) and late recurrence (long RFI). We used RFI to compare patients with prior FP use and those without prior FP use. The previous studies that assessed rechallenge with a chemotherapeutic agent in other cancers reported that drug-free interval (time since last administration of the drug until relapse) is predictive of the efficacy of re-challenge [10] [11] [12] . However, drug-free interval may be dependent upon the nature of the tumor (aggressive or indolent). In addition, these studies did not include a comparison group (patients without prior drug use) and may have compared a group with a better prognosis (long drugfree interval) with a group with poorer prognosis (shorter drug-free interval). In the present study, patients with prior FP use with the early recurrence and those with late recurrence were compared with RFI-matched patients without prior FP use, and the difference in the impact of prior FP use by length of RFI was assessed. Prior FP use in patients with late recurrence appeared to have a less adverse impact on survival outcomes. In contrast, in those with the early recurrence, prior FP use seemed to be detrimental to survival outcomes. This outcome is biologically plausible, since the early recurrence indicates failure of perioperative treatment including FPs, in which case inefficacy of capecitabine could also be suspected.
In the current study, potential differences in preoperative tumor extent were analyzed. It is possible that a higher percentage of patients in the FP group may have had advanced preoperative stage disease necessitating neoadjuvant chemotherapy that contained FPs, compared with that in the non-FP group. It is also possible that preoperative stages may have affected the outcomes of treatment with capecitabine. However, preoperative diagnosis did not have a clear effect on PFS or OS. The HR for PFS seemed to be similar regardless of preoperative diagnosis in the univariate analysis. For OS, while preoperative diagnosis was selected for multivariate analysis, there was no apparent dose-response relationship between preoperative There are limitations to this study. First, it remains unclear whether other chemotherapeutic regimens are more efficacious than capecitabine in patients with unfavorable outcomes of capecitabine (those with prior FP use and early recurrence). Studies comparing capecitabine with other agents should be conducted in such patients. Second, it was a retrospective study of a limited sample size and event numbers. For example, perioperative data were difficult to collect, since many patients had surgery in various hospitals, several years prior to capecitabine treatment. In addition, the assessment of PFS and OS by biomarkers was not sufficient for the small number of patients in the subgroups. Furthermore, data on the adherence to treatment were not obtainable from the medical records. Third, the study population was heterogeneous regarding perioperative chemotherapy, which included various regimens.
In conclusion, the use of capecitabine requires extra caution when it is considered for ABC with prior FP use, since PFS seems to be inferior in ABC patients with prior FP use than in those without prior FP use. The RFI may be a factor to consider when clinicians select treatment for patients with prior FP use, as the adverse effect of prior FP use seems to be larger in patients with the early recurrence after surgery, (cases where inefficacy of prior perioperative treatment including FPs is suspected). Whether patients with ABC who received perioperative FP should receive agents other than capecitabine requires further elucidation.
